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ABSTRACT
We present a wide-field study of the globular cluster system (GCS) of the field
lenticular galaxy NGC 1172, based on observations from GMOS/Gemini (optical),
FourStar/Magellan (NIR), and archival data from ACS/HST (optical). This analy-
sis covers the full extension of the GCS, and results in a value of specific frequency
(SN = 8.6± 1.5) peculiarly high for an intermediate-mass galaxy in a low-density envi-
ronment such as this one. We find that the GCS appears to be bimodal, although the
colour distribution is narrow and does not allow for an accurate separation of the sub-
populations. However, the combination of optical and NIR filters allows us to obtain
an estimation of the metallicity distribution based on the photometry, which supports
bimodality. We conclude that the presence of a large fraction of metal-poor globular
clusters (GCs) and the high specific frequency point to NGC 1172 having accreted a
significant amount of GCs from low-mass satellites in the past.
Key words: galaxies: elliptical and lenticular, cD – galaxies: star clusters: individual:
NGC 1172 – galaxies: evolution
1 INTRODUCTION
The properties of a globular cluster system (GCS) often un-
veil pieces of the evolutionary history of the galaxy that
hosts it (e.g Kruijssen et al. 2019). Imprints of the pro-
cesses the host galaxy has undergone can be found in prop-
erties of the system, such as alterations in its spatial dis-
tribution hinting at recent interactions, or the presence of
intermediate-age or younger globular clusters (GCs) indi-
cating accretion episodes (e.g. Sesto et al. 2018; Caso et al.
2019a).
The majority of the GC population in early-type galax-
ies (ETGs) consists of old objects (e.g. Fahrion et al.
2020b,c). The lack of a spread in age allows for colour dis-
tributions to be connected with metallicity distributions. In
most bright galaxies, the colour distribution of a GCS is bi-
modal, and this is taken to indicate the presence of two sub-
populations with different metallicities, a ‘blue’ (more metal
poor) and a ‘red’ (more metal rich) one (Peng et al. 2006).
? E-mail: ennis.ana@gmail.com
This is supported by these subpopulations presenting differ-
ent behaviours, in some cases in their spatial distribution,
and where spectroscopic analysis was possible, differences in
their kinematics were also detected (Pota et al. 2013). Given
the necessary high resolution required to obtain metallicities
spectroscopically, there are only a few GCS for which metal-
licity distributions where obtained directly, but they have
also shown bimodality (e.g. Villaume et al. 2019). However,
the transformation from colour to metallicity has been ques-
tioned and proven to be non-linear, in addition to showing
sensitivity to the modelling of the horizontal branch in GCs
(Yoon et al. 2006; Lee et al. 2019).
The richness of a GCS in relation to its host galaxy has
been largely discussed in the literature in terms of the ef-
ficiency of the galaxy in forming and disrupting GCs (Liu
et al. 2019; Li & Gnedin 2019), and it has been associated
with the luminosity, stellar mass and the total mass of the
galaxy through different parameters (e.g. Spitler et al. 2008;
Hudson et al. 2014). One of the most classic of these parame-
ters is the specific frequency (Harris & van den Bergh 1981),
defined as the number of GCs normalized to the luminosity
© 2020 The Authors
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of the galaxy 1. It quantifies the richness of the system in
relation to the luminosity of its host galaxy, and tracing its
variations across morphological types, environments and dif-
ferent galaxy masses has allowed for a better understanding
of the assembly and evolution of GCS. More massive galax-
ies show larger values of SN , whereas dwarf galaxies show a
wider spread of values since they are more easily affected by
their environment, either increasing their accretion rates or
causing them to have most of their GCs stripped from them
(Renaud 2018).
NGC 1172 is an intermediate-mass galaxy, with an ab-
solute magnitude of MV = −19.3 adopting a distance of
d = 20.8 Mpc (Cho et al. 2012). It is located in the field,
with no bright neighbours in a radius of 180 kpc. A study
of its GCS was presented by Cho et al. (2012), by means
of ACS observations, and they obtain a specific frequency
SN = 9.18 ± 4.41, which is strikingly large for a galaxy with
an intermediate luminosity (Harris et al. 2013). Though no
other cases of galaxies with similar masses are found in the
literature with such high values of SN it is worth noting
that NGC 1172 is located in a very low-density environment,
where ETGs are usually found to be hosting poorly pop-
ulated GCS (Caso et al. 2013; Salinas et al. 2015). Envi-
ronment plays a key role in the formation and evolution of
galaxies since it constrains the accreted mass in a very direct
way. Galaxies in low-density environments are expected to
have lower accretion rates than those in high-density envi-
ronments, probably due to the fact that having less neigh-
bours in their surroundings makes encounters less frequent.
This leads to poor GCS, but also to bluer galaxies (Lacerna
et al. 2016), with lighter haloes (Niemi et al. 2010). For this
reason, most massive early-type galaxies (ETGs) are found
in clusters or high density groups, hosting GCS which are
largely populated and spatially extended (Cantiello et al.
2020, e.g.), pointing to the connection between the build-up
of the GCs and the accretion history of the galaxy.
The motivation of this work is to analyse the full extent
of the GCS of NGC 1172 using optical and NIR data from
GMOS (Gemini South) and FourStar (Magellan/Baade tele-
scope at Las Campanas Observatory) which provide us with
larger fields of view (FOVs) than the one in ACS, in order
to get an in-depth look at the properties of the system, and
recalculate the specific frequency, looking for confirmation
of the value in Cho et al. (2012) and for possible hints that
might help unveil the evolutionary processes that built this
population of GCs. The paper is structured as follows. In
Section 2 of this work we introduce the data and describe
the data reduction process. In Section 3 we analyse the re-
sults, including the selection of the sample. In Section 4, we
present the discussion of these results, summarized in Sec-
tion 5.
2 OBSERVATIONS AND DATA REDUCTION
2.1 Optical data
The optical data was obtained with the Gemini Multi-
Object Spectrograph (GMOS) camera on Gemini South
1 SN = NGC100.4(MV +15)
(FOV of 5.5′ × 5.5′), over the course of two programs (Pro-
gram IDs: GS-2016B-Q37 and GS-2017B-Q38). The first
program consisted of observations of a single field contain-
ing the galaxy in the g′, r ′, i′ and z′ filters, whereas the
second program observed two adjacent fields in order to en-
sure full spatial coverage of the GCS and a clean area to
estimate background corrections, in the g′, r ′ and i′ filters.
In all cases, a binning of 2 × 2 was used, resulting in a scale
of 0.146 arcsec pixel−1.
From the Gemini Observatory Archive, calibration im-
ages such as BIAS and FLAT-FIELDs were downloaded to
apply corrections to the data, using tasks from the iraf
Gemini package for the processing. In the case of the z′ fil-
ter, it was also necessary to use images to correct the fringing
patterns since their presence can decrease the accuracy and
quality of the photometry. For each of the fields, the set of
observations were slightly dithered so that their final com-
bination resulted in an image free of the gaps produced by
both bad columns or pixels and the physicals gaps on the de-
tector. Finally, using the task FMEDIAN, we modeled and
removed the light from the galaxy with two successive fil-
ters of different sizes to facilitate the detection of point-like
sources. Further analysis of artificial stars added to the im-
ages and reduced in the same manner have shown that this
procedure does not affect the photometry of point sources.
A field containing standard stars (E2-A, Smith et al.
2002) was also observed, so that the instrumental magni-
tudes could be converted to standard ones using Equation 1,
for which we calculated zero-points and colour terms (CT).
The kCP coefficients correspond to the median atmospheric
extinction at Cerro Pacho´n where Gemini South is located,
and were obtained from the Gemini Observatory website 2.
mstd =mzero − 2.5 log10 (N(e−)/exptime)
− kCP(airmass − 1.0) + CT(colour)
(1)
2.2 Near-infrared data
The near-infrared data was obtained with the FourStar cam-
era (FOV of 10.8′×10.8′, Persson et al. 2013) mounted on the
Baade telescope in Las Campanas Observatory, in the Ks fil-
ter, on September 12, 2017. Two fields were observed, both
containing the galaxy. These observations were processed
using THELI (Erben et al. 2005; Schirmer 2013), and bias
and flat field images taken in the same night were used to
correct them. The background was modelled using the chips
furthest from the galaxy and then substracted from all the
observations before combining them, in order to allow for
an accurate astrometry. For the sky model, all sources were
masked using a mask expansion factor of 11 3 as to elimi-
nate as much light from the galaxy halo as possible from the
background model, and we used a dynamic model since the
background was not stable throughout the night of the ob-
servation. The coaddition of all the background-subtracted
exposures was performed using the astrometry from the ob-
jects from 2MASS catalogue (Skrutskie et al. 2006) found in
the field, which were also used for calibrating the photome-
try.
2 http://http://www.gemini.edu/
3 https://www.astro.uni-bonn.de/theli/
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Figure 1. DSS2 image of the region containing NGC 1172, with
the FourStar pointing shown in green dashed lines and the GMOS
pointings shown in solid black lines (central field) and dashed-
dotted blue lines (adjacent fields). North is up, East to the left,
and the angular size of the image is ∼ 15′ × 20′.
Table 1. Exposure times and effective wavelengths for each
GMOS filter
Filter λeff [nm] Exposure Time [s]
Central Field Adjacent Fields
g′ 475 8 × 320 8 × 320
r′ 630 7 × 150 6 × 150
i′ 780 7 × 120 6 × 120
z′ 925 17 × 180 -
The total exposure time on target considering both
pointings was of 11385 s, divided into 495 expositions of
11.5 s for each pointing.
The superposition of all the observed fields for all in-
struments is shown in Figure 1.
2.3 Detection of sources
The same method was used on both sets of data. We used
SExtractor (Bertin & Arnouts 1996) to build the initial
catalogue of sources, running it over every filter and then
choosing the catalogue generated from the i′ filter, since it
was the most populated one. To identify point-like sources
we made use of the CLASS STAR parameter, which ranges
from 0 (extended sources) to 1 (point sources). Our chosen
criterion is CLASS STAR < 0.5, which excludes most galax-
ies that might be present in the background.
With DAOPHOT tasks within IRAF (Stetson 1987) we
calculated aperture photometry magnitudes, and then used
a set of bright stars relatively isolated and spanning the
entire field of view in each case, to build the point source
22 23 24 25 26
0.
2
0.
4
0.
6
0.
8
i’
Co
m
pl
et
en
es
s 
Fr
a
ct
io
n
Rg < 90’’
30’’ <Rg < 150’’
Rg > 150’’
Figure 2. Completeness curves for three different regions of the
GMOS fields. The gray lines show the limiting magnitude and the
percentage reached.
function (PSF) that corresponds to each filter and each field.
With it, we can obtain accurate magnitudes using the all-
star task. This task also runs statistical analysis that deter-
mine the goodness of the fit, allowing us to separate objects
that are more extended or too dim to be accurately mea-
sured. These magnitudes were corrected for galactic extinc-
tion using the absorption coefficients obtained from Schlafly
& Finkbeiner (2011), with E(B − V) = 0.04.
In addition, a completeness test was carried out adding
35000 sources of different magnitudes to the images in every
filter, and then repeating the process described previously
to perform photometry. We then counted the number of re-
covered sources across all filters for the central field, and
the available ones for the adjacent ones, obtaining consis-
tent completeness curves. From this, as shown in Figure 2,
we obtain a level of completeness of 85 per cent at i′ ∼ 25.
2.4 Additional HST data
In addition to our observations, we complemented our re-
sults using data observed with HST/ACS Wide Field Cam-
era (WFC) in F475W and F850LP (programme ID 10554),
downloaded from the Mikulski Archive for Space Telescopes
(MAST)4. The fields are centred on NGC 1172 and IC 2035.
The latter is an elliptical galaxy with a sparse GCS, pre-
senting around 50 members according with Cho et al. (2012),
and the regions in its FOV at galactocentric distances larger
than ≈ 1 arcmin were used to determine the contamina-
tion for the NGC 1172 field. Both galaxies present inter-
mediate galactic latitudes, but slightly different (b ≈ −57◦
for NGC 1172 and b ≈ −47◦ for IC 2035). In order to test
these differences, the Besanc¸on Galactic models (Robin et al.
2003) were used to build up simulated catalogues spanning
1 deg2 and centred on both galaxies. From the default pa-
rameters and the selection criteria 20 < z′ < 25 mag and
0.6 < (g′ − z′) < 1.45 mag, the foreground contamination re-
sults ≈ 0.36 and ≈ 0.47 objects arcmin−2 for NGC 1172 and
IC 2035, respectively, which implies ≈ 4 − 5 objects for the
ACS FOV. Hence, the foreground contamination in both
fields is low enough to justify the use of the latter one as
4 Based on observations made with the NASA/ESA Hubble
Space Telescope, obtained from the data archive at the Space
Telescope Science Institute. STScI is operated by the Associa-
tion of Universities for Research in Astronomy, Inc. under NASA
contract NAS 5-26555.
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a comparison field. These observations were processed in a
similar manner to the GMOS and FourStar data, subtract-
ing the extended galaxy light using FMEDIAN and detect-
ing sources using SExtractor. In this case, the selection
of sources was based on constraints on the elongation and
full width at half-maximum, following criteria taken from
works which use similar instrumental setup for galaxies at a
comparable distance (e.g. Jorda´n et al. 2004, 2007). In the
case of ACS data, only aperture photometry was performed
and mean aperture corrections were applied, obtained from
an analysis of the parameters using ISHAPE (Larsen 1999).
Completeness was calculated dividing the region in rings at
different galactocentric distances, as to take into consider-
ation differential effects in the radial distribution. Further
information about the photometry of this dataset can be
found in Caso et al. (2019b).
3 RESULTS
3.1 GC candidates selection
Following Bassino & Caso (2017) in the case of g′r ′i′ com-
binations, we applied colour limits to select the sample of
GC candidates. We also conducted a visual inspection in the
colours involving z′ and Ks in order to set the limits, compar-
ing with the ones used in Chies-Santos et al. (2012). Fig. 3
shows some of the colour-colour diagrams with the obtained
limits, each corresponding to the sample built from match-
ing the different filters which resulted in different amounts
of GC candidates in each case. It is worth mentioning that
the last pannel shows the least amount of sources, a con-
sequence of combining the z′ filter which has the smallest
spatial coverage, and the Ks filter, where the depth is sig-
nificantly lower than in the GMOS filters. The chosen limits
were 0.7 < (g′−i′) < 1.2, 0 < (r ′−i′) < 0.5, 0.5 < (g′−r ′) < 0.9,
0.7 < (g′ − z′) < 1.5 and 2 < (g′ − Ks) < 4.5. It is important
to note that for many objects presenting g′r ′i′ magnitudes,
either z′ or Ks or both may be missing due to being located
in the adjacent fields or to not being bright enough, respec-
tively. In these cases, only the limits in the available colours
were applied.
In addition, we excluded objects with magnitudes
brighter than MV = −11 so as to clean the sample from
potential contaminants, since the analysis of the luminosity
function for old GCS in the literature shows that the prob-
ability of finding GCs at this luminosity is very low. (Har-
ris et al. 2014). The few objects within the colour bound-
aries that are above this limit might be ultra-compact dwarfs
(UCDs), which will not be studied in this work. On the faint
end, the limit in magnitude corresponds to the completeness
level mentioned in the previous section. These limits can be
seen in the colour-magnitude diagram shown in Fig. 4.
3.2 Colour distribution and subpopulations
Figure 5 shows two GC candidates colour distributions. The
background level was measured using the regions further
from the galaxy in the GMOS adjacent fields, and it was
deemed negligible. The bottom panel shows the colour distri-
bution for the three GMOS fields in (g′-i′). Visually, the dis-
tribution appears to be bimodal, with a peak near ∼ 0.9 and
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Figure 3. Colour-colour distributions of the point like sources in
the field brighter than i′ = 25, shown in smaller, light-blue dia-
monds. The black circles represent the GC candidates, as selected
by the colour limits (shown in dotted lines).
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Figure 4. Colour-magnitude diagram of all the point like sources
present in the GMOS fields shown as blue crosses. The black cir-
cles represent the sample selected as GC candidates. The limits in
magnitude (horizontal solid lines) correspond to a completeness
level in the faint end, and to the removal of potential contami-
nants in the bright end. The limits in colour (vertical solid lines)
were obtained examining the colour-colour distributions in Figure
3.
another one near ∼ 1.05. Using the GMM code developed by
Muratov & Gnedin (2010), we obtain these same peaks, but
the statistical parameters this code runs return inconclusive
results. The first parameter is the kurtosis, which measures
the ‘flatness’ of the distribution. A negative kurtosis is con-
sidered to be a necessary condition to confirm bimodality,
though not sufficient. In this case, the kurtosis is ∼ 0.05.
The other parameter GMM calculates is called D, de-
fined as can be seen in Equation 2, measures the relative
distance between the peaks of the subpopulations. In the
equation, µi and σi represent the mean and the standard
deviation calculated for each subpopulation. In a bimodal
distribution, D > 2. For this distribution, D ∼ 2, which,
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like the kurtosis, is not a conclusive result since it does not
support neither unimodality nor bimodality. Looking at the
distribution, and specifically focusing on the colour limits,
we conclude that compared to GC populations in brighter
galaxies, this one is significantly narrower, making it more
difficult to separate potential subpopulations through the
usual statistical parameters.
D =
|µ1 − µ2 |[(
σ21 − σ22
)
/2
]1/2 (2)
Attempts to separate the subpopulations statistically
using other clustering methods have also given uncertain
results. Instead, we calculated the ‘skewness’ of the distri-
bution, i.e., the estimator for the third momentum. We gen-
erated several random series of numbers following a normal
distribution using the sample’s mean and standard devia-
tion, and the GMM values. In both cases, we obtained simi-
lar results for the skewness less than 10 per cent of the time,
meaning we can affirm this distribution is not unimodal with
90 per cent confidence.
Using the nonlinear least squares function in Rproject
(R Core Team 2013), we were able to fit two Gaussians,
which allowed us to estimate the fraction of blue GCs. We
obtained that 60 per cent of the GCs belong to the blue
subpopulation.
The top panel of Figure 5 shows the colour distribution
in (g′-z′) for the central GMOS field, since it is the only one
for which we have observations in the z′ filter. Comparing
our results with the ones presented by Cho et al. (2012), we
saw a significant amount of GC candidates in the central
region of the galaxy were not being detected in our fields,
as a consequence of issues in the observations in the z′ fil-
ter. In order to make up for this, we used the completeness
curves obtained as described in the previous section to esti-
mate what portion of sources we were missing per magnitude
bin, and we randomly added the corresponding amount of
sources from the photometry performed in the ACS data.
In the resulting distribution, a new feature appears. Be-
tween the peaks at g′−z′ = 0.96 and g′−z′ = 1.24 which were
established by Cho et al. (2012) using KMM, we observe an
overdensity which could be an indication of a third peak. A
similar result was presented in Escudero et al. (2020), where
an intermediate subpopulation is more prominent in g′ − z′
than in g′ − i′.
In Figure 6, we show the density colour distributions
for two optical-NIR combinations, obtained with a Gaus-
sian kernel. Since the amount of sources was too scarce to
obtain a histogram or run statistical tests, we show only the
density distribution and limit ourselves to a qualitative anal-
ysis. In both cases, two peaks appear to be present, which
is consistent with our previous analysis using only optical
colors. This supports the presence of two GC subpopula-
tions strongly, since optical-NIR combinations do not always
show the same bimodality found in the optical colours Chies-
Santos et al. (2012). Though the intermediate colours do not
show a peak, it is worth noticing that the valleys between the
peaks show a difference in skewness that could be consistent
with an overdensity in these colours.
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Figure 5. Colour distributions of GC candidates in the GMOS
fields. In the top panel, we show the (g′ − z′) distribution cor-
responding to the central field, and the solid line indicates the
density distribution. In the lower panel, we show the (g′ − i′) dis-
tribution corresponding to the three GMOS fields. The Gaussian
fits obtained using a nonlinear least squares function are pre-
sented in solid and dashed line, while the dotted line represents
the density distribution.
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Figure 6. Density curves for the GC colour distributions of the
optical-NIR combinations.
3.3 Radial distribution
In Figure 7 we show the GC radial distribution for the three
GMOS fields combined, in addition to the distribution from
the ACS field. The Magellan/FourStar images cover a much
larger extension, but since we only have one filter for those it
is not possible to select GC candidates outside of the GMOS
fields.
The inner region of the distribution is flattened, an ef-
fect attributed to the tidal forces being stronger in the re-
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Table 2. Coefficients of the Hubble-Reynolds law obtained from
fitting radial distributions. First set of parameters corresponds to
this current work, obtained from combining the radial distribution
from the GMOS fields with the one from the ACS field. Second
set of parameters corresponds to the radial distribution from the
ACS field, as seen in Caso et al. (2019a).
Parameter GMOS+ACS Values ACS Values
a 2.15 ± 0.14 2.22 ± 0.03
r0 0.44 ± 0.16 0.51 ± 0.06
b 1.05 ± 0.14 1.21 ± 0.10
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Figure 7. Radial distribution of GC candidates for the three
GMOS fields, shown in black diamonds with error bars. The black
circles show the radial distribution for the ACS field. The dotted
horizontal line shows the estimated background level, and the
horizontal dashed one marks where the 30 per cent of it is reached.
The dashed pink line shows an power-law fit, whereas the solid
light-blue line shows a Hubble law fit.
gions closer to the centre of the galaxy, which causes lower
rates of survival for GCs(Kruijssen 2015). It is unlikely that
this could be an observational effect, since the completeness
correction was carried out taking into account the variations
at different galactocentric radius. As a first approximation,
we fit a power law, with a slope of −1.60. This fit does not
take into account the flattening, which is why we also fit
a modified version of the Hubble-Reynolds law (Binney &
Tremaine 1987; Dirsch et al. 2003), described in Equation
3. In Caso et al. (2019b), the same modified Hubble profile
is fitted only to the ACS sample (Cho et al. 2012), and the
parameters are consistent, as shown in 2.
n(r) = a
(
1 +
(
r
r0
)2)−b
(3)
We obtained an estimate for the background level us-
ing selected regions of the adjacent field, and we approxi-
mate the full extension of the GCS as the value at which
the Hubble-Reynolds law reaches 30 per cent of said level.
According to the distance to NGC 1172 adopted in this pa-
per, the full extension is ∼ 43 kpc. The integration of the
Hubble-Reynolds law up to the estimated extension gives us
a number for the total population up to i′ = 25 mag, which
in this case is of 400 ± 65 GCs.
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Figure 8. Luminosity function of the GC candidates for the cen-
tral GMOS field, with the turn-over obtained from Cho et al.
(2012) shown as a dotted vertical line. The solid black line repre-
sents our Gaussian fit.
We calculated a stellar mass of log10(M?/M) = 10.18
using the (M/L) relation based on the Ks magnitude and
(B − V) colour (Caso et al. 2019a), described by Bell et al.
(2003). This allows us to see that the extension of the GCS
is consistent with the stellar mass of the galaxy according
to the relations obtained in (Caso et al. 2019a).
3.4 Luminosity function
Another important feature of GCSs is the fact that the lu-
minosity function (GCLF), which describes the number of
objects per unit magnitude, presents a ‘universal’ turn-over
in absolute magnitude (e.g Harris et al. 2014), making it
useful for estimating distances. Cho et al. (2012) derive a
distance based on the GCLF which we use as a reference for
our results, since they use deep ACS photometry for this pur-
pose. Our independently derived distance modulus is in very
good agreement with theirs, as Figure 8 shows. A gaussian
function with a turn-over magnitude at g′ = 24.5 provides a
good representation of the luminosity distribution. We used
the g′ band for a direct comparison with the results from
the literature, and estimated a completeness level of 85 per
cent at g′ ∼ 25.5mag.
The luminosity function also allows us to estimate what
percentage of the GC population we detect on our images.
Integrating the Gaussian fit obtained using the parameters
from Cho et al. (2012) up to our magnitude limit, we cal-
culate our detected population comprises 89 per cent of the
total. Combining this result with one from the integration of
the radial distribution, we get a total population of 450± 72
GCs. Our own fit to the GCLF results in a total population
of 415 ± 79 GCs, which is consistent within the errors.
In Figure 9 we show the luminosity functions for the
ACS sample and for the GMOS sample, having separated
blue and red GCs. Though the distributions present some
noise, it can be seen that the turn-over does appear slightly
shifted, with the blue subpopulations peaking at a lower
magnitude.
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Figure 9. Luminosity functions for the different subpopulations
(blue as triangles, red as squares) for the GMOS (top) and the
ACS sample (bottom). The solid arrow shows the turn-over from
the literature, the dashed arrow shows the one obtained from our
fit to the full sample.
3.5 Specific frequency and total mass
The specific frequency describes the efficiency of GC forma-
tion in comparison to field stars in a galaxy. For NGC 1172
we obtain a value of SN = 8.6 ± 1.5, which is in agreement
with the previous result of SN = 9.18 ± 4.41, presented by
Cho et al. (2012). To illustrate the peculiarity of this result,
we show in the top panel of Figure 10 the specific frequency
of a sample of galaxies versus their absolute visual magni-
tude from Harris et al. (2013). It is easy to see NGC 1172 is
placed on a fairly empty section of the plot, with a specific
frequency only comparable with much brighter galaxies.
Another quantity that reflects the efficiency of GC for-
mation is TN , defined by Zepf & Ashman (1993) as the num-
ber of GCs per unit of stellar mass. For NGC 1172 we ob-
tained a value of TN = 19.8, which is again significantly high
for a galaxy of this mass. In the bottom panel of Figure 10,
we show the same sample of galaxies used for the specific
frequency. We obtained the stellar masses for these galaxies
with the method mentioned above, combining the previous
catalogue with the magnitudes in Ferrarese et al. (2006).
Another quantity we can obtain based on the number
of GCs is the total mass of the GCS. If we consider the
mean mass of a GC to be MGC ∼ 3.25× 104M (Harris et al.
2017b), we obtain an estimate of the total mass of the GCS
of 1.5 × 107M.
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Figure 10. Top panel: Specific frequency in a logaritmic scale
versus absolute visual magnitude for a sample of ETGs in the
Virgo Cluster shown in light blue dots, and NGC 1172 shown as
a large pink X. Bottom panel: Parameter TN in a logaritmic scale
versus the stellar mass for the same sample and NGC 1172.
3.6 Photometric metallicities
As was mentioned above, colour distributions may not be an
accurate representation of the metallicity distribution of a
GCS. However, the combination of optical and near-infrared
colours has been shown to be a more precise representation
(e.g. Hempel et al. 2007; Tudorica et al. 2015). Therefore, we
combined different colours and obtained photometric metal-
licities in order to compare them and obtain an estimate of
the metallicity distribution, in a similar way as Forte et al.
(2013) and Caso et al. (2017).
In order to do this, we adopted a Bayesian approach.
Bayes’ theorem can be expressed as seen in Equation 4,
where P(A|B) in this case stands for the probability of obtain-
ing a certain metallicity distribution (A) given our colour
distribution (B), and it is proportional to the product of the
likelihood function and the prior probability.
P(A|B) ∝ P(B |A)P(A) (4)
From Fahrion et al. (2020a) we obtained a catalogue of
GCs located in the Fornax cluster, with metallicities mea-
sured using the Multi Unit Explorer Spectrograph (MUSE)
mounted on the VLT. This sample also included g′ and z′
magnitudes from Jorda´n et al. (2015), which were used to
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Figure 11. Probability function for the metallicity obtained for different ages, using different colour combinations. Left panel shows
Sample A (corresponding to the central GMOS field, uses g′r′i′z′ magnitudes), middle panel shows Sample B (corresponding to the
three GMOS fields, but only for the bright fraction of objects for which Ks magnitudes were available, uses g′r′i′Ks magnitudes), and
right panel shows Sample C (corresponding to the central panel, for objects for which both z′ and Ks magnitudes were available, uses
g′r′i′z′Ks magnitudes). From top to bottom, ages increase, and the metallicites move towards lower values. There are no significant
differences between the samples that are not consistent with this shift, and in all cases, they point to the underlying distribution being
bimodal.
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Figure 12. Smoothed metallicity distribution obtained for the
spectroscopic data, used as prior distribution.
randomly substract GCs in order to build a colour distribu-
tion with a closer resemblance to the (g′−z′)0 colour distribu-
tion from NGC 1172. The metallicity distribution from the
resulting sample was built assuming that each GC presents
a normal metallicity distribution, with mean equal to the
spectroscopic measurement and uncertatinty equal to the
dispersion. This smoothed metallicity is assumed as the prior
probability, and is shown in Figure 12.
In order to build the likelihood function, first we gen-
erated integrated magnitudes using simple stellar popula-
tion (SSP) models, making use of the CMD 3.1 web inter-
face5 which computes isochrones and derivatives. We used
the PARSEC version 1.2s evolutionary tracks and the log-
normal initial mass function from Chabrier (2001), and gen-
erated sequences of isochrones of constant age, with the
metallicity (Z) covering a range between [M/H] = −2.1 and
0.03, with a step of 0.001. Considering GCs are thought to
have similar ages, generally around 10 Gyr, we did this for
5 http://stev.oapd.inaf.it/cgi-bin/cmd_3.1
three different constant ages, 8, 10, and 12.7 Gyr, to compare
and look for any significant differences between them.
According to the different FOV for each filter, we built
three samples using the colours available for GC candidates
in the present work. Sample A corresponds to the central
GMOS field and uses magnitudes griz, combined as (g′− i′)0
and (g′ − z′)0. For a fraction of bright GCs across the three
GMOS fields, g′r ′i′Ks photometry was also available, and so
Sample B combined (g′−i′)0 and (g′−Ks)0. Sample C covers
only the central GMOS field for which both Ks and z′ pho-
tometry are available simultaneously, combined as (g′ − i′)0,
(g′ − z′)0 and (r ′ − Ks)0. These last two samples have a
limited size due to the lack of depth in the Ks filter, but
are interesting to analyse since they cover the largest colour
range. For each GC, its set of colours was assumed as a nor-
mal distribution centred on the colours resulting from their
measured magnitudes, with the corresponding dispersions
derived from the uncertainties. We built a grid of colours
spanning up to 3σ from the mean colours, and calculated
an estimate of metallicity for each of them by interpolating
theoretical metallicities, looking for the minimum distance
to the SSP curve in the colour space. Finally, the probability
for each cell from the colour distribution function was used
to build the likelihood distribution, following the limits and
binning of the prior distribution.
The final metallicity probability for each GC was then
obtained multiplying the likelihood function and the prior
probability. We then added all of the probabilities within
each sample in each metallicity bin, and obtained metallic-
ity distributions for the GCS which are shown in Figure 11.
Though the distribution including the largest amount of fil-
ters (Sample C) appears to be noisier due to the smaller
amount of GCs, the distributions for each colour sample do
not show significant differences between them. In the case of
the variations with age, we can see that as we go from the
youngest to the oldest sample, the metallicities shift towards
lower values, as expected.
In addition, we show in Figure 13 the metallicity distri-
bution for Sample A, which has the largest amount of GCs,
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Figure 13. Probability function of the metallicity distributions
obtained using (g′ − i′)0 and (g′ − z′)0 for 10 Gyr for the red (solid
lines) and blue (dashed lines) subpopulations.
using an age of 10 Gyr, separating blue and red GCs at the
limiting value of (g′−i′)0 = 0.95 mag. The separation remains
clear in metallicity, which supports the presence of the two
GC subpopulations.
4 DISCUSSION
There are a number of processes involved in the assembly of a
GCS that can influence the number of members, mainly the
formation of the GCS, accretion, and its tidal destruction of
the less massive members. If the high number of GCs were
a consequence of a distinctly high in situ GC formation effi-
ciency, the red GCs fraction would be expected to be signifi-
cantly higher, like the inner GCS in many massive ellipticals
(e.g. Peng et al. 2006; Kartha et al. 2016; Caso et al. 2017).
In the case of NGC 1172, we do not find a significantly large
red subpopulation. Another possibility is NGC 1172 having
formed GCs with the typical rate for galaxies with a similar
mass, but then being less efficient at destroying them. An
important issue to take into account in this case is that a
lower efficiency in disruption processes could affect the mass
function of the GCS (GCMF). Although the treatment of
physical processes vary in numerical studies, in recent years
several have pointed to tidal stripping and tidal shocks as
the main processes at work in GCs disruption (Kruijssen
2015; Lamers et al. 2017; Li & Gnedin 2019). These would
be relevant in shaping the mass function of GCs, because
tidal processes are more effective in less massive GCs, and
lower efficiencies would then lead to an excess of less massive
GCs in the GCMF, similar to observational results in some
bright merger remnants (e.g. Goudfrooij et al. 2007) and
nearby dwarf galaxies (e.g. Sharina & Puzia 2006). In our
luminosity function and in the one presented by Cho et al.
(2012), a Gaussian fit is statistically closer to the shape of
the distribution, with a dispersion in the range of expected
values for the stellar mass of the galaxy (e.g. Jorda´n et al.
2007; Masters et al. 2010). In both cases, the turn over mag-
nitude is in agreement with the usual for old GCs in bright
early-type galaxies (Jorda´n et al. 2004; Harris et al. 2014),
considering the distance to NGC 1172 indicated in Section 1.
It seems unlikely then that enough low-mass GCs have sur-
vived to shift the number of the population so significantly.
The colour distribution, with a large fraction of GCs in the
range of typical metal-poor ones, also disfavours this sce-
nario. It is relevant to this last point to trace a compari-
son to the study of isolated ellipticals presented by Salinas
et al. (2015), where most of the analysed GCS present signif-
icantly predominant blue subpopulations in a much larger
fraction than in this case. In addition, there is the oppo-
site scenario presented in the study of NGC 1277, a galaxy
described as candidate for being a relic elliptical, without
a significant mass contribution due to merging processes.
The GCS of NGC 1277 presents a unimodal colour distribu-
tion, lacking of a metal-poor subpopulation (Beasley et al.
2018). NGC 1172 does not reach either of these extremes, in-
stead showing a behaviour similar to most early-type galax-
ies found in more crowded environments.
The scaling relations of GCS in nearby galaxies show
large values of specific frequencies (SN ) and TN parameters
at both ends of the stellar mass distribution, with a min-
imum reached for galaxies presenting intermediate masses,
due to a combination of external and internal processes that
affect both the formation efficiency of GCs and the stellar
field population (Harris et al. 2013). Interestingly, Georgiev
et al. (2010) indicated this minimum at a magnitude of
MV ≈ −20.5mag (LV ≈ 2×1010 L), which does not differ sig-
nificantly from NGC 1172 luminosity. In the particular case
of massive ellipticals in high density environments, which
usually present extremely populated systems (e.g. Peng et al.
2011; Harris et al. 2017a), these large parameters are also
related with the accretion history of the galaxy, responsible
for a considerable fraction of its GCs (Forbes et al. 2011),
which leads to extended GCS up to several tens of kilopar-
secs, and radial gradients in the colour peaks of the GCs
subpopulations (e.g. Bassino et al. 2006; Caso et al. 2017;
De Bo´rtoli et al. 2020).
In the case of NGC 1172, the environment as seen in
the present day does not appear to support this hypothesis
at first glance, since there are no close neighbours. How-
ever, it could have had neighbours in its early days and the
high population of GCs could still be a product of accretion.
The large fraction of blue GCs suggests that the accretion
of satellites played a main role in the evolutionary history
of NGC 1172, although the lack of tidal features present in
many field ellipticals (Tal et al. 2009) disfavours late merg-
ers. Considering the relation derived by Hudson et al. (2014);
Harris et al. (2017b) for the halo mass and the mass enclosed
in GCs, the total mass of NGC 1172 is 6.3 × 1011M, point-
ing to a dark matter dominated halo. As mentioned before,
some dwarf galaxies also present high values of SN and TN ,
due to their accretion providing GCs without increasing the
stellar mass of the host galaxy (Georgiev et al. 2010; Harris
et al. 2013).
The other peculiarity the GCS of NGC 1172 shows is
its colour distribution, which deviates from unimodality but
cannot be easily divided into subpopulations, due to being
too narrow and having a minimal distance between peaks.
However, the estimator of the third momentum (skewness)
of the colour distribution derived in Section 3.2 deviates from
the typical values for samples of similar size generated by a
single Gaussian distribution with a 90 per cent of confidence,
pointing to a bimodal distribution. Several nearby galaxies
have been pointed as unimodal distributions, but later anal-
ysis has proven they present several peaks in their colour dis-
MNRAS 000, 1–12 (2020)
10 A. I. Ennis et al.
tribution (e.g., the elliptical NGC 4365, Kundu et al. 2005;
Blom et al. 2012, the merger remnant NGC 1316, Richtler
et al. 2012; Sesto et al. 2016), or even presenting variations
in the same GCS as a function of the galactocentric distance
(Ko et al. 2019). In the case of NGC 1172, the smaller pop-
ulation of its GCS makes the analysis more difficult. Cho
et al. (2012) showed that the colour peak of the red GCs
strongly depends on the galaxy stellar mass, with blue ones
presenting a less clear trend. A similar result is derived from
Peng et al. (2006) survey of GCS in the Virgo cluster. From
these studies, it is expected for intermediate mass galaxies
like NGC 1172 to present smaller distances between the two
peaks. On the other side, Lee et al. (2019) have pointed that
the colour distribution of the GCS from the majority of the
galaxies in their sample, could be explained due to a non-
linear relation between metallicity and colour. This scenario
has been previously stated in the literature (e.g. Richtler
2006), but differences in the properties of blue and red sub-
populations, including spatial distributions (e.g. Bassino &
Caso 2017) and kinematic behaviour (e.g. Schuberth et al.
2010), support the existence of (at least) two GC subpop-
ulations. Regarding the presence of a bimodal GC distri-
bution, results in literature might differ between galaxies
(Chies-Santos et al. 2012) and further work is needed on
both the observational and theoretical framework (Powalka
et al. 2017). In the case of NGC 1172, the photometric metal-
licities clearly point to a bimodal distribution.
The most supported theory of formation of GCS cur-
rently points to most of the more metallic GCs having been
formed in-situ, while a large portion of the less metallic ones
are accreted from satellite dwarf galaxies (Forbes et al. 2011;
Kruijssen et al. 2019). The differences found in NGC 1172
when we analyse the luminosity function of each subpopula-
tion separately support this theory, since the slight shifts in
the turn-over magnitude for each are thought to be associ-
ated with galaxies with lower mass presenting fainter turn-
overs (Villegas et al. 2010). It is consistent then that less-
metallic GCs, which would have formed in low-mass galax-
ies, present fainter turn-overs.
In this context, the colour distributions all support the
hypothesis mentioned above of NGC 1172 having accreted a
significant fraction of its GCS. In comparison with the mean
colours for each subpopulation of other ETGs, NGC 1172
presents a slightly redder blue subpopulation, and a shift in
the red subpopulation towards the blue. These shifts could
be the cause of the intermediate peak seen in some colours,
since the presence of a third subpopulation with intermedi-
ate metallicites seems unlikely considering no distinct prop-
erties of the GCs in that colour range show when examining
their spatial distribution or their position in the CMD.
Being mostly formed in-situ during major star forma-
tion episodes (Kruijssen 2015; Choksi & Gnedin 2019), ’red’
GCs have imprinted the chemical composition of the gas
supply that triggered their formation. The field stellar pop-
ulation of nearby galaxies usually presents a larger metal-
licity than found for old GCs, due to a more widely spread
process of stellar formation in time (Guglielmo et al. 2015;
Usher et al. 2019), hence its values could be considered as
upper limits. In the case of NGC 1172, its metallicity has not
been studied in detail, but there is enough data to explore
its colour. It has a magnitude of Mg = −19.58 mag consid-
ering the distance adopted in this paper, and from Caso
et al. (2019b) we obtain (g′− z′)0 = 1.22 mag. Ferrarese et al.
(2006) analysed the colour-magnitude relation for a signifi-
cant number of ETGs in the Virgo Cluster and, using this
relation, we obtain an expected value of (g′− z′)0 = 1.45 mag
for NGC 1172. This points to NGC 1172 being bluer than ex-
pected, which would justify its red GCs being shifted to the
less metallic side. This is in agreement with previous stud-
ies focused on field ellipticals, which found bluer colours in
comparison with cluster counterparts of similar stellar mas
(e.g. Lacerna et al. 2016).
5 CONCLUSIONS
We have presented the photometric analysis of the highly
populated GCS of the field elliptical NGC 1172, using data
obtained from GMOS at Gemini, FourStar at Magellan, and
archival data from ACS at HST. Our principal findings are:
• The colour distribution of the GCS is narrow and does
not show a clear separation between subpopulations. How-
ever, it deviates strongly from unimodality, as can be seen
in the skewness of the distribution. The apparent low metal-
licity of the galaxy could account for the narrowness of the
distribution, making the red GCs, formed mainly in-situ,
to be slightly bluer than expected. The intermediate over-
density seen in (g′ − z′) does not appear as clearly in any
other colours, but it does not disappear either. However, we
find no peculiarities in its spatial distribution or its range of
magnitudes that separate it from the rest of the GCS.
• The global radial distribution matches the one obtained
using the central field only, and from it we obtain an exten-
sion of 43 kpc for the GCS, and a total population up to our
completeness level (i′ = 25 mag) of 400 ± 65 GCs.
• The luminosity function is described by a Gaussian, and
integrating it gives us a total population of 450 ± 72 GCs.
• The specific frequency SN = 8.6±1.5 and the parameter
TN = 19.8 are significantly high for a galaxy of intermedi-
ate luminosity like NGC 1172. The fact that the luminos-
ity function follows a Gaussian distribution indicates that
a low efficiency at tidal destruction is not the cause, while
the high fraction of blue GCs does not support the case of a
high in-situ formation scenario. The possibility that remains
is that the environment of NGC 1172 presented neighbors
which were accreted early on.
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